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(71) We, FARBENFABRIKEN BAYER AKTIENGES ELLS CH AFT, a body 
corporate organised under the laws of Germany, of 509 Leverkusen, Germany, do 
hereby declare the invention, for which we pray that a patent may be granted to us, 
and the method by which it is to be performed, to be particularly described in and by 
5 the following statement: — 

This invention relates to novel compounds corresponding to the general formula: 




in which 

m and n are 0 or 1, but cannot at the same time both be 1, 

to a process for their production and to their use for protecting natural and synthetic 
diene polymers against degradation through oxidation. 

Accordingly, the right-hand radical in formula (I) represents the cyciopentyl 
radical : 
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15 the indanyl radical: 



or the norbornyl radical : 
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ooni^f « of foml0 i a (I) „„ prc p„ e d by reacing , compound 

corresponding to the general formula: 




in which » .nd . oca « |« ^^tt^cTKTid^S^hd 

fe, l£=t 5S£ b ^£^~ ~* 

is separated off before distillation, for example by filtration, or inactivated oy 
35 "^SZntion also relates to the use of compounds of formula (I) for protecting 

mmmwm 

3 °S Bostrom, Kautschuk Handbuch, Vol 4, Stuttgan 1961, pag 373, ta* 
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protection against the aggressive influence of oxygen, especially at high temperatures 
(cf. S. Bostrom, Kautschuk Handbuch, 4th Vol., Stuttgart 1961, page 379, paragraph 
5, especially lines 27 and 28). For example, considerable losses of stabiliser and 
obnoxious fumes have to be accepted during the working up of cis-l,4-polyisoprene. 
The volatility of the substituted phenols suitable for use as anti-agers or stabilisers 
can be reduced by introducing higher alkyl radicals into the 2- and/or 4- and/or 6- 
position of the phenol nucleus. Unfortunately, the protective effect is inevitably 
weakened because the longer alkyl radicals act as a ballast and exert a diluting effect 
upon the effective group, thus weakening the overall level of effectiveness (cf. S. 
Bostrom, Kautschuk Handbuch, 4th Vol., Stuttgart 1961, page 378, last paragraph to 
page 379, lines 1—13). 

It has now been found that compounds corresponding to the general formula: 




in which 

m and n are 0 or 1, but cannot at the same time both represent the number 1, 

can be used for protecting natural and synthetic diene polymers against degradation 

through oxidation. 

Accordingly, the right-hand radical in formula (I) represents the cyclopentyl 
radical : 
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the indanyl radical: 



or the norbornvl radical : 
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The new compounds can be used as non-discolouring anti-agers or stabilisers both 
for natural rubber and also for synthetic rubbers and latex such as rubber-like polymers, 
for example polybutadiene, polydimethyl butadiene, cis-l,4-polyisoprene and its 
homologues, polystyrene, poly-^-methyl styrene, polyacrylonhrile, polyacrylates, poly- 
methacrylate or copolymers of conjugated diolefins and polymerisable vinyl compounds 
such as butadiene-styrene copolymers and butadiene-acryl copolymers. 

The compounds according to the invention can be added both to the latex or the 
rubber solution and to the crude rubber or to the crude mixture. The cresol derivative 
is added in a quantity of from 0.01 to 5.0 parts by weight, and preferably in 
quantities of from 0.1 to 2.0 parts by weight, based on 100.0 parts by weight of the 
elastomer. The new compounds of formula (I) are added to the crude rubber or to the 
mixture in the usual way by mixing on mixing rolls or in internal mixers, or added to 
the latex in the form of a dispersion or an emulsion. 

It must be regarded as extremely surprising that the compounds used in 
accordance with the invention are considerably more effective in the protection they 
provide against degradation through oxidation in the aforementioned diene polymers. 



25 



30 



35 



1,291,411 



10 



15 



40 



45 



A considerably better stabilising effect is obuined I in comparison jJ^J^g 
butyl-4-methyl phenol for the same dosage. An h ^ e ^ a c ^ s f h e ^ b ; a S" r i° suitable 

odours, disturbances and losses of stabiliser are avoided during wotkui g v 
The following Examples further illustrate the invention. 

tert-butyl-4-methyl-6-cyclopentyl phenol are obtained in the torm 
boiling at 134 to 136°C./1.S mm. 



20 gaiSlSif 2 C 4) 82.7 H 10.4 O J9 

Found: C 83.3 H 10.5 O 6.9 

-- -630-S (2.S mols) of^indany^^^ 25 

25 10 ml of 96% sulphuric acid are then added and 1*> jC« £ r Sfcta J is con . 

» Saar «sk W-"^^&£?sr. fife 6 

colourless crystals melting at 85 to 86.5 D C. 

SaSifid^cVs H 8, O 5.7 
Found: C 85.0 H 8.5 O 6.0 

5 ttSZSZ TJZSt* °'^£{°£ $w&ysfa l! 

viscous oil of b.p. 160 to 163°C./3.5 mm. 



C, s H 2( ,0 (258.3) 

Calculated: C 83.6 H 10.2 O 6.2 
Found: C 82.3 H 10.6 O 6.2 



50 The same product can be obtained by reacting 202 g 1 mol) of |-norborny 4 

methvl Phenol dissolved in 250 ml of toluene with 56 to 112 g (1 to 2 mols) ot iso 
Smeat 70°C. in the presence of 2 to 3 ml of 96% sulphuric add. 
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Example 4 

The following mixtures were prepared on mixing rolls : 



Light crepe 

zinc oxide 

stearic acid 

titanium dioxide 

barium sulphate, precipitated 

tetramethyl thiuram disulphide 

sulphur 

anti-ager 



100.0 parts by weight 
50 » 

1.0 " 
10.0 " 
60.0 " 
0.5 " 
2.0 " 

as in Table 1 
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The mixtures are then vulcanised in a press for 17 minutes at 130°C. The 
vulcanisate obtained has the following mechanical properties (determined in accordance 
with DIN Specifications 53 504, 53 505 and 53 512): 



TABLE 1 

a) Without any anti-ager present (zero value) : 



Tensile 
strength 
(kp/cm 2 ) 



Breaking 
elonga- 
tion (%) 



Strain Resili- 
at 450% Hardness ence 

elongation 20 n C/75°C 20°C/75°C 

(kp/cm 2 ) (Shore A) 



before ageing 



215 



670 



85 



51/50 



70/77 



ageing in an oxygen cylinder 
at 21 atms. oxygen/70 °C 

after 6 days 

after 11 days 

after 16 days 

Colour of the vulcanisates : 



test specimen hardens 



before exposure 

after 2 months in open air 



white 
white 
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TABLE 2 (continued) 

b) With 1.0 part by weight of 2 3 6-di-tcrt-butyl-4-methyl phenol: 

Strain 

Tensile Breaking at 450% 
strength elonga- elongation Hardness 
frp/cS tion (%) (kp/cm^) 20<C/75*C 



Resilience 
20°C/75°C 

(%) 



before ageing 215 


O/U OJ 


51/50 


70/77 


ageing in an oxygen cylinder 
at 21 atms. oxygen/70 °C 








after 6 days 135 


570 82 


50/48 


61/65 


after 11 days 55 


460 52 


46/40 


50/55 


after 16 days 


Test specimen hardens 






Colour of the vulcanisates: 








before exposure 


white 






after 2 months in the open air 


white 







c) With 1 . 0 part by weight of 2-tert-butyl-4-methyl-6-cyclopentyl phenol : 

Strain 

at 450% Hardness Resilience 
elongation 20°C/75°C 20°C/75°C 
(kp/cm 2 ) (Shore A) (%) 



Tensile 
strength 



Breaking 
elonga- 
tion (%) 



before ageing 




660 


87 


52/51 


70/75 


ageing in an oxygen cylinder at 
21 atms. oxygen/70 C C. 










after 6 days 


150 


540 


99 


54/52 


69/70 


after 11 days 


119 


520 


85 


50/49 


58/76 


after 16 days 


50 


350 




47/44 


52/60 


Colour of the vulcanisates.: 










before exposure 






white 






after 2 months in the open air 




white 







Example 5 

The mixture was the same as that described in Example 4 except that the anu- 
ager shown in Table 2 was used. Vulcanisation was carried out m a press lor 1> 
minutes at 130°C. 
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TABLE 2 

a) With 1.0 part by weight of 2-tert-butyl-4-mcthyl-6-indanyl phenol: 



Strain 



Tensile 
strength 
f kn /cm 2 ! 


Breaking 
elongation 

K/o) 


at 450°'', 
elongation 

Kp / Lul ) 


X lul Ulltoo 

20°C/75°C 
^onore i\ ) 


20°C/75°C 

(0/ \ 


before ageing 205 


680 


74 


50/50 


71/75 


ageing in an oxygen cylinder at 
zi aims, oxygen/ ou v_» 










after 6 days 175 


590 


92 


55/53 


70/73 


after 11 days 155 


550 


96 


53/53 


69/70 


after 16 days 150 


550 


93 


52/52 


68/69 


Colour of the vulcanisates : 










before exposure 




white 






after 2 months in the open air 




white 






b) With 1.0 part by weight of 2-tert-butyl-4-methyl-6-norbornyl phenol: 


Tensile 
strength 
(kp/cm*) 


Breaking 
elongation 

(%) 


Strain 
at 450% 
elongation 
(kp/cm 2 ) 


Hardness 
20°C/75°C 
(Shore A) 


Resilience 
20°C/75°C 
(%) 


before ageing 215 


690 


75 


50/50 


71/72 


ageing in an oxygen cylinder at 
21 atms. oxygen/60 °C 










after 6 days 180 


580 


95 


55/54 


70/73 


after 11 days 155 


540 


101 


55/53 


70/72 


after 16 days 160 


560 


97 


52/52 


68/70 


Colour of the vulcanisates: 










before exposure 




white 






after 2 months in the open air 




white 







Example 6 

The polymerisation, working up and stabilisation of cis-l,4-polyisoprene. 

a) Preparation of the catalyst: 
5 34 ml of w-hexane are introduced under a nitrogen atmosphere into a dry vessel 5 

equipped with a stirring mechanism. A solution of 0.626 g=33 mMols of TiCl., in 67 
ml of n-hexane, a solution of 0.339 g=29.7 mMols of A1(Q:H.) 3 and 0.154 g of di- 
n-butyl ether in 67 ml of n-hexane are then uniformly introduced with stirring at 0°C. 
The brown catalyst suspension formed is stirred for 30 minutes at 0°C 
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b) Polymerisation: isoprene are introduced into a dry auto- 

30 Litres of dry hexane and 2200 g or f the autoc lave are then 

clave equipped with a stirring mechamsm ^^yS suspension is added at this 
cooled to 8°C. under a nitroge n . a ™° s P^ e ^ W period. The heat 

temperature. Polymerisation bf" s '^2auSg so that the polymerisat on 
of polymerisation is d^sipated ^U^rough^ -tcrn^cool ? when the conveT sion 

temperature slowly rises to l~ ^ ■ over 
amounts to between 90 and 100 / 0 . 

c) Stopping, stabilising and working up : , - 5QQ ml of hexane are added to 

4.4 g of ^hydrous ethylene d^amm dissohed n 500 m ^ ^.^ 

b h a e ,ron r X» adIed, P fol,owed by thorough 

mixing. ■ • i ^nlntion is freed from solvent by introducing 

This stabiliser-containing polymer soluuon is , rreea iroi , 

tion in a second test under otherwise the same conditions. 

TABLE 3 



Hot-air ageing at 70 C. 



Stabilis 



Quantity 

(%) 



Mooney Value 
- (according - 
to DIN 53524) 

after (days) 
0 3 7 14 



Colour after 
14 days at 
70 °C 



10 



15 



OH 



(CH 3 ) 3 C 



(CH 3 ) 3 C 



yellowish/ 

1.0 90 90 86 26 colourless 




CH 3 
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Example 7 

The following mixture was used for a test conducted on an unstabilised 
carhoxylated SBR latex foam: 



carboxylated SBR latex- 


172.0* parts by weight 


fatty alcohol sulphonate 


4.5 a, ia „ 


zinc oxide 




melamine resin precondensate 
(50% aqueous solution) 


5.0 3 , „ „ 


carboxymethyl cellulose 
(2.5% aqueous solution) 


5.0 „ „ . . 3 


chalk 


100.0 „ „ 


stabilisers 


cf Table 4 (quantities 
based on 100.0 parts by 
weight of dry substance) 



* = 100.0 parts by weight of the solid rubber. 



5 The mixture was expanded into a foam with a weight per litre (wet) of approxi- 5 

mately 350 g. The foam was coated in a layer thickness of 4 mm on to a thin white 
textile and vulcanised in hot air for 15 minutes at 140°C. and then dried. The test 
specimen measured 20 x 20 x 4 mm. 
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WHAT WE CLAIM IS : — 

1. A compound corresponding to the general formula: 




CH 3 

in which 

5 m and n are 0 or 1 3 but cannot at the same time both represent 1 . 

2. 2-Tert-butyl-4-methyl-6-cyclopentyl phenol. 

3 . 2 -Tert-buty l-4-methyl-6-indanylphenol . 

4. 2-Tert-butyl-4-methyl-6-norbornyl phenol. 

5. A process for the production of a compound corresponding to the general 
10 formula: 




CH 3 



in which m and n are as defined in claim 1, wherein a compound corresponding to the 
general formula: 




15 in which m and n are as just defined^ is reacted with isobutylene, tert-butanol, tert- 15 

butyl chloride, tert-butyl bromide, cyclopentanol, cyciopentyl chloride or cyclopentyl 
bromide at a temperature of from 20 to 250°C. in the presence of an acid catalyst. 

6. A process according to claim 5 wherein 4-methyl-6-cyclopentyl phenol, 4- 
methyl-6-indanyl phenol or 4-methyl-6-norbornyl phenol is reacted with isobutylene. 

20 7. A process as claimed in claim 5 and 6 wherein the reaction takes place in the 20 

presence of a diluent. 

8. A process for the production of a compound corresponding to the general 
formula (I) as defined in claim 1, wherein 2-tert-butyl-4~methyl phenol is reacted 
with norbornene, cyclopentenc, cyclopentanol, a cyclopentyl halide or indene at a 

25 temperature of from 20 to 250° C in the presence of an acid catalyst. 25 

9. A process as claimed in claim 8 wherein the reaction takes place in the presence 
of a diluent. 

10. A method for protecting natural and synthetic diene polymers against 
degradation through oxidation wherein a compound as claimed in any of claims 1 to 

30 4 is incorporated into the polymer. 35 

11. A method for the non-discolouring stabilisation and protection against age 
of a natural or synthetic rubber wherein a compound as claimed in any of claims 1 to 
4 is incorporated into the rubber. 
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12 A method as claimed in claim 10 or 11 substantially as herein described with 
^NaSl "JSS£ C «™£U™ -taining a compound of the formula 
5 (I)aS irNa^al d i m synthetic dienc polymers containing Z-tcrt-butyM-methyl-fi- 5 

C **%llj££ A « synthetic diene polymers containing 2-tert-butyl-4-methyl-6- 
inda ?6. P l5 e a?ural or synthetic diene polymers containing 2-tert-butyl-4-methyl-6- ^ 
10 n ^ l A PproSs as claimed in claim 8 or 9 substantially as herein described with 
reference to any of the specific Examples 1 to 3. prepared bv a 

18 A compound of the formula (I) as denned in claim l wnen prep 
process as claimed in any of claims 5 to 9 and 17. 

ELKINGTON AND FIFE, 
Chartered Patent Agents, 
High Holborn House, 52/54 High Holbom, London, W.C.I. 
Agents for the Applicants. 

1 uDiisnt-a D y cop . es may be obtained . 
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